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Background: The increasing incidence of obesity and
the wider acceptance of laparoscopic surgery, have
lead to a 10-fold increase in bariatric operations in the
last 10 years. Widely used indices of obesity (weight
and body mass index – BMI) cannot adequately distin-
guish between fat mass (FM), represented by  the sum
of kilograms (kg) of lipid, and fat-free mass (FFM), inclu-
sive of lean (kg of proteins), bone (kg of minerals),
glycogen, and total body water (TBW), which are impor-
tant parameters for clinical and physiological studies.

Methods. Anthropometric variables were measured
in 19 Caucasian Italian individuals according to stan-
dard methods. Body weight (kg) and height (m) were
measured, and BMI was calculated as kg/m2. Body
composition was evaluated, with a mean BMI of
25.95±5.04 kg/m2, by dual X-ray absorptiometry (DXA)
and by digital image plethysmographic (DIP) acquisi-
tion with a digital camera. The clear-colored body of
the subjects was automatically converted into a front
and lateral red-shaped figure, and then through algo-
rithms the 2 pictures were transformed into a nominal
volume; body weight was then divided by the estimat-
ed volume, so that the body density could be obtained.
DXA was used as a comparison to assess fat mass
and fat-free mass. Radiation exposure was <0.6 mSv.

Results: Significant positive correlation (R= 0.971,
P<0.001) was found between data of body composi-
tion obtained by DXA and DIP.

Conclusions: Body volume assessed using DIP or
DXA did not differ. According to this validation study, DIP
represents a new promising tool for clinical applications.

Key words: Body mass index, body composition, fat mass,
lean mass, dual energy X-ray absorptiometry, bariatric
surgery, morbid obesity

Introduction

Obesity has been defined as an excessive accumula-
tion of fat to an extent that health may be impaired,
and it has been recognized as a global epidemic by
the World Health Organization (WHO).1

When dealing with bariatric patients, the concept
has been that body mass index (BMI) >40 require
surgery. This appears to be a rough system to indi-
cate a treatment that results in a defined percentage
of morbidity and mortality. However, the vast
majority of patients recover uneventfully from their
operation, and the final result is a dramatic improve-
ments in quality of life and health status.2

Nevertheless, a variable percentage of patients,
decreasing from less traumatic to more invasive pro-
cedures, do not reach the excess weight loss (EWL)
desired, or have a failure in weight loss. These
events are related, in some cases, to the operation
itself, but more frequently a wrong selection of
patients plays a determinant role. According to the
WHO cut-off points of BMI for overweight and
obesity, 33.4% of females and 39.5% of males were
overweight (BMI >25 kg/m2) and 31.4% of females
and 14.6% of males were obese (BMI >30 kg/m2).3,4
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BMI >40 kg/m2, or >35 kg/m2 with associated co-
morbidities, is the worldwide method to identify
patients eligible for bariatric surgery, but, as
described by De Lorenzo et al,5 a considerable num-
ber of individuals could not be classified as obese
based on BMI alone. Therefore, BMI as usually
used in population studies to correlate overweight
and obesity to morbidity and mortality leads to
errors and misclassification.

Our group is currently working on a different
method to select patients for different procedures,
based on the two pillars: 1) body composition and 2)
energy expenditure. Diagnosis, therapy and follow-
up of all subtypes of obesity must not be based on
the “body weight” parameter alone, but on body
composition parameters. Misclassification of obesi-
ty, at an individual as well as a population level, has
occurred because information, assumptions and pre-
dictive formulas of body composition were usually
performed only on Caucasians. There is a need for
cross ethnic population studies on body composi-
tion.6 Measurements of direct body fat mass per-
centage would be a better tool for diagnosing any
kind of obesity. An effort should be made to provide
such data. A correct diagnosis of fat content and
proportion is important to estimate not only over-
weight and obesity but also risk factors for cardio-
vascular and metabolic diseases. Therefore, screen-
ing for proportion of body fat in individuals with
normal or slightly elevated BMI is important in the
prevention of diabetes and cardiovascular diseases. 

Estimation of overweight and obesity presuppos-
es calculation of body mass component proportion
and risk factors for diseases, such as type 2 diabetes,
dyslipidemia, impaired glucose tolerance and car-
diovascular disease. It has been reported that the
risk of coronary artery disease increases with the
severity of obesity, especially abdominal, when the
waist-to-hip ratio (WHR) is >0.90 in males and
>0.85 in females.7,8 However, as shown by Busetto
et al,9 WHR cannot be considered an index of vis-
ceral/subcutaneous fat proportion in obese patients,
especially in obese women. Assessment of absolute
amount of fat and its proportion are important.

In clinical practice, the measurements of weight
and height to perform BMI calculation are simple,
but not sufficient to detect changes in proportion of
fat and lean mass. To avoid misclassifications,
measurements of body fat percentage would be a

better tool for diagnosing obesity. Body composi-
tion can be measured at different levels, ranging
from atomic, molecular, cellular, tissue, to whole
body level and each information obtained at one
level can be transformed into other levels, using
chemical constants or experimentally and statistical-
ly derived constants or relationships.10 However, all
these techniques are rather expensive and some-
times out of reach of the financial capabilities of pri-
vate practitioners or small institutions.

The purpose of the present study was to define a
new and low cost approach based on digital image
plethysmographic (DIP) acquisition to assess body
volume and body fat mass proportion. Because densi-
ty is defined as mass divided by volume and weight is
easily obtained, the outcomes of body density are
cost-effective. We propose a novel method for accu-
rately estimating the relative level of body fat and lean
proportion, by non-invasive body composition analy-
sis. Our data suggest that application of DIP in body
composition measurement can screen and identify
obese subjects, and follow them after bariatric surgery. 

Materials and Methods

Participants

A total of 19 Caucasian Italian subjects (10 males
and 9 females), with age 37±13 SD years and with
BMI 25.95 ± 5.04 kg/m2 were examined. They were
randomly selected from 3,000 participants of ongo-
ing studies on body composition and energy metab-
olism at the Unit of Human Nutrition of the Tor
Vergata University (Rome, Italy), and at Fondazione
Salus (Italy). Informed consent was obtained from
all the participants before the beginning of the study,
according to the guidelines of Medical Ethics
Committee of the University.

Anthropometric Measurements

Anthropometric parameters for all participants  were
measured according to standard methods: body
weight, height, and hip and waist circumferences.
Individuals were instructed to take off their clothes
and shoes before any measurements were taken. Body
weight (kg) was measured to the nearest 0.1 kg, using
a balance scale (Invernizzi, Rome, Italy). Height (m)
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was measured using a stadiometer to the nearest 0.01
m (Invernizzi, Rome, Italy). BMI was calculated
using the formula: weight (kg) / height (m2).

Dual X-ray Absorptiometry (DXA)

Total body composition was assessed by dual-energy
x-ray absorptiometry (DXA) (Lunar DPX). The
technique combined a total body scanner, an x-ray
source, an internal wheel to calibrate the bone min-
eral compartment, and an external lucite/aluminium
phantom to calibrate the fat compartment. Standard
DXA quality control and calibration measures were
performed prior to each testing session. The subjects
were given complete instructions on how the testing
procedure would occur. The subjects were instructed
not to exercise within 24 h of the test. Individuals
were required to remove all clothing except under-
garments, including shoes, socks and jewels, prior to
being positioned on the DXA table. They lay in
supine position on DXA, without moving for 15
minutes while the DXA scan recorded their results.
The entire body was scanned beginning at the top of
the head and moving in a rectilinear pattern down the
body to the feet. Radiation exposure was <0.6 mSv.

Digital Image Plethysmographic (DIP)
Acquisition

All participants were instructed to come to at the
Unit of Human Nutrition of the Tor Vergata
University (Rome), with clear shaded underwear
and/or clear bathing outfits. One front and one later-
al digital image of each subject were taken with a
digital web camera, having the subject standing
against a dark non-reflective wall, surrounded by a
white frame of 1 inch (2.5 cm) thickness, of fixed
and known dimensions (1.80 meters x 2.30 meters).
The clear-colored body of the subject obtained by
DIP was automatically digitally-converted into a
front and lateral red-shaped figure. Property algo-
rithms were able to transform the two pictures into
a nominal volume, which dividing the weight pro-
duces body density data, used to determine, by
equation, body fat mass (FM) percentage.

A rotating circular platform of 100 cm diameter
was automatically rotated by a low power, low volt-
age electrical motor, with a rotating speed of one rev-
olution per minute. The platform is mounted on ball-

bearings and able to sustain >300 kg. It is mounted
under a square 150 cm x 250 cm frame, white col-
ored, backed by black-colored lining, to create a high
contrast background, as shown in Figure 1.

At the 0˚ and 90˚ interval, two reed sensors are fit-
ted under the revolving platform to automatically
trigger the acquisition of one front and one lateral
full body digital image (Figures 2 and 3). The plat-
form is also fitted with two shoes, to block the sub-
ject always in the same position for a repetitive and
correct data acquisition.

Positive rotation driven by a 12 VDC motor, and
synchronized image acquisition are governed via a
standard RS 232C protocol by Windows-based soft-
ware. The software also manipulates the captured
images, and computes automatically the relative
surface of the projection of the body against the
black background of the subject that is standing
upright, with abducted legs.

The entire process of rotation and image acquisi-
tion takes about 45 seconds. Volume was assessed by
transforming the digital picture into body volume.
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Figure 1. Rotating circular platform is mounted on ball-
bearings and able to sustain more than 300 kg. It is
mounted under a square 150 x 250 cm frame, white-col-
ored, backed by black-colored lining, to create a high con-
trast background.
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Statistical Analysis

According to the statistician’s evaluation, the number
of analyzed subjects was valid to evaluate the hypoth-
esis. Descriptive values are expressed as means and
standard deviation (SD). Linear regression and corre-
lation were used to evaluate the relationship among
variables. Statistical analysis was performed using
Systat 10 statistical package (SPSS Chicago, IL). A
value of P<0.05 was considered significant.

Results 

Descriptive variables of the 19 Caucasian Italian
study participants (10 males and 9 females) – age,
weight, height, BMI, and body fast mass (FM) in kg
and %, are shown in Table 1. The means of body fat
mass (FM) and fat mass percentage (FM%) by DXA
and body fat mass (FM) and fat mass percentage
(FM%) by DIP were compared.

Age and sex distribution did not differ between
the groups. Mean age of participants was 37±13
years, and mean BMI was of 25.95 ± 5.04 kg/m2.
According to the study design, the participants were
classified not only on the basis of their BMI but also
on the basis of their body composition. Mean fat

mass (FM) of individuals measured by DXA was
22.07±11.05 kg, and body composition measured
by DIP showed a fat mass of 24.6±9.92 kg. There
were no significant differences between DXA and
DIP in estimating body fat mass (FM) proportion.

A linear regression analysis was performed to
compare body fat mass percentage measured by DIP
and by DXA. As shown in Figure 4 a significant
positive correlation was obtained between fat mass
proportion measured by DIP and DXA (R=0.971,
P<0.001). Fat mass proportion obtained by DXA
was also compared with BMI calculated as kg/m2.
Figure 5 showed no significant correlation between
BMI and DXA body fat mass (R=0.32, P=0.045).
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Figure 2.

Figure 2 and Figure 3. The clear-colored body of the subject is automatically digitally-converted into a front and later-
al red-shaped figure. The software manipulates the captured images, and computes automatically the relative surface
of the projection of the body against the black background of the subject that is standing upright, with abducted legs.

Figure 3.

Table 1. Body composition parameters of 19
Caucasian Italian individuals

Studied Individuals MEAN SD

Age (years) 37 13
Weight (kg) 73.5 16.77
Height (m) 1.68 0.08
BMI (kg/m2) 25.95 5.04
FM DXA (kg) 22.07 11.05
FM DXA % 28.99 11.80
FM DIP (kg) 21.6 9.92
FM DIP % 29.4 9.92

FM DIP = body fat mass measured by DIP.
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Discussion 

Knowledge of body surface area (BSA) of the
human has important applications in medical treat-
ment, biomechanics and other engineering process-
es. Several expressions have correlated BSA with
direct measurements of body mass and body
height,11-15 but each method has some bias.
Therefore, it appears necessary to address a new
more accurate BSA assessment in overweight and
obese individuals. The dual-energy X-ray absorp-

tiometry (DXA) device16 is highly reliable, and
there is good agreement (~0.4 %FM difference)
between %FM estimates obtained by hydro-densit-
ometry, currently considered a “gold standard” of
body composition analysis.17 However, these two
most accepted methods showing reliability, sensitiv-
ity and precision, are not applicable as a daily rou-
tine: there are several limitations to the hydrostatic
weighing technique because it requires considerable
cooperation, given that multiple trials need to be
performed. In addition, elderly people, children,
physically-challenged persons, and individuals with
certain diseases may not be able to comply with
standardized procedures.

As an alternative, density can be assessed with
DXA. This method is based on a three-compartment
model that divides the body into total-body mineral,
mineral-free lean, and fat tissue masses. The preci-
sion of DXA in measuring %FM is estimated to be
within 1.2%. Suh et al18 showed that lumbar region
mass distribution, as measured by DXA, is a better
predictor of Visceral Abdominal Tissue (VAT) than
the waist circumference and WHR or BMI in obese
postmenopausal women. It has also been shown that
DXA, possibly combined with anthropometry,
offers a good alternative to computed tomography
(CT) for the prediction of visceral fat also in the eld-
erly,19 and DXA provides an accurate measurement
of VAT in addition to the total body composition
determination in obese individuals. DXA fat pro-
portion estimates may be useful in the early detec-
tion of individuals with abdominal/visceral obesi-
ty.20,21 Weight management can help reduce the
number of people at risk for diabetes and reduce the
risk for complications and premature mortality.22

Currently, bariatric surgery remains the most effec-
tive means to achieve and maintain excess weight loss
(EWL) in morbid obesity (BMI >40 or BMI >35 in the
presence of significant co-morbidities). Various
bariatric surgery techniques are used. The intragastric
balloon may be used for temporary weight reduction
for mild or moderate obesity, or for preoperative weight
loss in super-obesity.23 Gastric banding procedures
induce considerable weight loss in obese subjects.24,25

Gastric bypass, the most frequent operation performed
in USA, is more invasive and still more efficient, with
satisfactory >60% EWL.2,26 Biliopancreatic diversion
of Scopinaro et al27,28 is a mixed and complex operation
that, in association with nutrient supplementation to
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Figure 4. Linear regression by body fat mass percentage
measured by DXA and body fat mass estimated by DIP.
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avoid nutritional deficiency, has shown the most effec-
tiveness in weight loss and permanent normalization of
serum glucose, triglyceride, and cholesterol levels, with
results maintained for >10 years follow-up.

Current selection criteria for bariatric operations do not
include patients with BMI ≤35 or <40 without co-mor-
bidities. However, due to the possible misclassification of
obesity based on BMI alone, it appears necessary to for-
mulate a diagnosis based on proportion of body fat mass. 

This paper presents the first results of a validation
study of a new promising digital image acquisition
(DIP) technique using a digital web camera to meas-
ure body volume and body fat proportion, adopting
DXA as the reference standard.29,30 We have evaluat-
ed a new system based on digital image scanning, that
is rapid with a forecasted low cost, totally non-inva-
sive and very promising in the accuracy of prediction
of fat mass proportion. Its working principle is simple
and applicable in any circumstance because it does not
demand special training or cooperation by the exam-
ined subject, other than being able to stay still in the
upright position with abducted legs for 1 minute.

Body composition of all participants in the study
was measured by dual X-ray absorptiometry (DXA)
and by digital imagining acquisition (DIP) tech-
niques. By linear regression analysis, a significant
positive correlation (R=0.971, P<0.001) was
obtained between body fat mass percentage meas-
ured by DIP and body fat mass percentage measured
by DXA. On the other hand, no significant correla-
tion was obtained when comparing body fat mass
values by DXA or DIP to the BMI values of the
entire group, demonstrating the potential misclassi-
fication of obesity diagnosis based on BMI alone.
According to this validation study, DIP represents a
new promising technique, useful as a tool for clini-
cal applications. This technique may be a good tool
for suggesting surgical treatment to obese patients,
identified according to FM proportion and BMI, and
following-up the excess weight loss in the short- or
long-term after bariatric operations.
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